OBJECTIVES: Total aortic arch replacement remains a surgical challenge. For the reimplantation of the supra-aortic vessels, either the en bloc (island) or branched graft technique (BGT) is used. The BGT has been proposed to have several advantages over the classical island technique. The purpose of this study was to compare the perioperative and mid-term follow-up results of these two methods.
INTRODUCTION
Surgical treatment of the aortic arch disease (aneurysms and dissection) remains a technical challenge. For the reimplantation of the arch vessels, currently either the en bloc (island) technique or branched graft technique (BGT) is used. The BGT has been proposed to have several potential advantages over the classical island technique [1, 2] . The proposed advantages are:
(i) In atheromatous aneurysms, future cerebral emboli risk may be reduced by complete replacement of diseased aortic arch as well as the proximal parts of the arch vessels which are normally left behind in the island technique.
(ii) In patients with connective tissue disorders such as Marfan's syndrome, aortic arch as well as the proximal parts of the arch vessels can be completely replaced so that future possible aneurysm formation risk in this area can be eliminated. (iii) The cardiopulmonary bypass (CPB) and especially the myocardial ischaemic times are potentially shorter as the arch vessels can be reimplanted with the myocardium perfused. (iv) The ischaemia time of the lower body as well as of the left subclavian artery region can be reduced. (v) Haemostasis is potentially easier as each anastomosis can be controlled individually.
Although perioperative results have been published, mid-to long-term results after BGT are sparse. The purpose of this study was to compare the perioperative and mid-term follow-up results of the 'island technique' against those of BGT.
MATERIALS AND METHODS

Patients
From March 2006 to December 2010, 103 patients [74.8% male (n = 77), age 59 ± 12.1 years] underwent total aortic arch replacement. In 45.6% patients (n = 47) branched grafts (Group A, 35 males, 58.4 ± 12.7 years) were used, while 54.4% patients (n = 56) received the en bloc technique (Group B, 42 males, 60.2 ± 11.6 years). Moderate hypothermic circulatory arrest (MHCA) with selective antegrade cerebral perfusion (SACP) was used in all cases. Concomitant procedures were performed as necessary.
A proportion of 28.2% of patients (n = 29) had an aortic aneurysm [Group A: 25.5% (n = 12), Group B: 30.4% (n = 17)], 71.8% of the patients (n = 74) had an aortic dissection [Group A: 74.5%, (n = 35), Group B: 69.6% (n = 39)], 30.1% (n = 31) of these patients [Group A: 36.2% (n = 17), Group B: 25% (n = 14)] had undergone previous cardiac or thoracic aortic operations, and 44.7% of the patients (n = 46) were operated in an emergent setting [(Group A: 38.3% (n = 18), Group B: 50% (n = 28)].
The ethical committee of our institution gave approval for this retrospective study. The patient characteristics are given in Tables 1-3 .
Follow-up
The surviving patients were contacted by telephone to complete a standardized questionnaire. Additionally, the most recent medical data of the patients were obtained from the general practitioners and cardiologists after informed consent.
Surgical technique
We have tried to standardize the surgical technique for total aortic arch replacement as far as possible. After a standard median sternotomy, extracorporeal circulation is initiated with cannulation of the aorta and the right atrium. The cooling of the patient is initiated. The technique of cannulating the ascending aorta even in AADA has been published by our group [3] . The left side of the heart is vented through the right superior pulmonary vein. The aorta is clamped even in AADA patients. Cardioplegia is administered directly into the coronary ostia. Blood cardioplegia is our preferred method of myocardial protection. During the time the patient is cooled to a nasopharyngeal temperature of 22-25°C, the aortic root/ascending aortic procedure is performed. Other concomitant procedures (e.g. CABG) are also performed if necessary. Cardioplegia is repeated approximately every 30 min.
Replacement of the arch is performed under moderate hypothermic (22-26°C) circulatory arrest (MHCA) and SACP.
After the desired temperature is reached, the systemic circulation is arrested and the aorta opened. With the patient in Trendelenburg position, perfusion catheters (Medtronic DPL, Minneapolis, Minnesota, USA) are introduced into the left carotid artery and the innominate artery for the SACP. The left subclavian artery is clamped or occluded with a Fogarty catheter (Baxter, Deerfield, Illinois, USA), thus avoiding a steal phenomenon as well as to prevent blood flowing into the operative field.
SACP with cold blood (20-24°C) is initiated at a rate of 10 ml/kg/ min. The aorta is transected distal to the left subclavian artery in the island technique. As per the surgical plan, either an 'elephant trunk' (ET) or a 'frozen elephant trunk' (FET) is placed through the opened aortic arch in the descending aorta. During open distal anastomosis, blood perfusion to the lower half of the body is either arrested (in AADA) or usually performed via a Foley catheter (size 24 F) placed in the descending aorta in aneurysm cases. We try to keep the 'distal body perfusion' flow between 2 and 3 l/min.
Island technique (en bloc)
The distal anastomosis is performed just distal to the origin of the left subclavian artery. An oval opening is cut in the aortic arch prosthesis and the supra-aortic vessels are reimplanted as one island. Thereafter, the proximal anastomosis is performed and the myocardium is reperfused after deairing the heart. n = 74 n = 35 (74%) n = 39 (67%) n.s. Acute aortic dissection: type A (AADA) n = 69 n = 31 (66%) n = 38 (68%) n.s. Marfan's syndrome n = 16 n = 11 (23%) n = 5 (9%) 0.057 Prosthesis infection n = 1 n = 0 (0%) n = 1 (2%) n.s. Re-do operations: n = 31 n = 17 (36%) n = 14 (25%) n.s. Ascending aortic replacement n = 22 n = 12 n = 10 Aortic arch replacement n = 5 n = 2 n = 3 Aortic valve replacement n = 18 n = 9 n = 9 Mitral valve replacement n = 1 n = 1 n = 0 Coronary artery bypass grafting n = 2 n = 1 n = 1 n.s.: not significant.
Branched graft technique
We use a prefabricated branched aortic arch graft. The arch part of the graft has four branches, one for the arterial perfusion and three for the anastomoses with the supra-aortic vessels (Vascutek Siena/ Thoraflex). There is a sewing collar between the 'ET' and the arch parts of the graft thus further simplifying the distal anastomosis. The exact position of the distal anastomosis site is a matter of surgeon's choice. If possible, we prefer to perform this anastomosis after the left subclavian artery. However, in cases of acute aortic dissection (AADA) in a normal-sized aorta, the anastomosis may be technically difficult if done distal to the left subclavian artery. Under these conditions, the anastomosis is easier if performed between the left carotid and the left subclavian artery. In this case, the origin of the subclavian artery from the aortic arch is ligated and the artery is reanastomosed with the branched graft. In our experience, ligation of the left subclavian artery had to be performed rarely.
After the distal anastomosis is completed, the left subclavian artery is anastomosed to the third branch of the arch graft. Distal body perfusion (if used) is stopped and the Foley catheter removed from the descending aorta. The perfusion to the lower part of the body and the left subclavian artery is then restarted via the fourth branch of the branched graft which is positioned vis-à-vis the braches for the supra-aortic vessels. The proximal end of the branched graft is anastomosed, either to the native ascending aorta or the ascending aortic graft. After deairing the heart, coronary circulation is started again. In this way, the myocardial ischaemia time is reduced to a minimum.
The first and the second branches of the graft are then anastomosed to the innominate and the left carotid artery, respectively. The patient is rewarmed and once CPB is discontinued, the fourth branch used for antegrade perfusion is ligated and resected. The intraoperative data are given in Table 3 .
Statistical analysis
All data analyses were performed with IBM SPSS Statistic 20 for Windows (IBM Corporation,, New York, NY USA). Most continuous variables were normally distributed. They were expressed as mean with standard deviation. Not normally distributed variables were expressed as median. Statistical comparisons were made by independent-samples T-test, Mann-Whitney U-test, Pearson χ 2 -test, Fisher's exact-test depending on the scale level, the distribution and the number of groups. Kaplan-Meier analysis was used for evaluation of survival. A P value of < 0.05 was considered significant.
RESULTS
Perioperative results
Detailed perioperative data are given in Tables 4-6 . Perioperative neurological symptoms were classified either as permanent neurological dysfunction (PND) or temporary neurological dysfunction (TND). Carotid artery stenosis n = 7 (7%) n = 4 (9%) n = 3 (5%) n.s. Chronic atrial fibrillation n = 7 (7%) n = 2 (4%) n = 5 (9%) n.s. History of stroke n = 9 (9%) n = 5 (11%) n = 4 (7%) n.s. Chronic obstructive pulmonary disease n = 9 (9%) n = 5 (11%) n = 4 (7%) n.s. Diabetes mellitus n = 3 (3%) n = 2 (4%) n = 1 (2%) n.a. Renal insufficiency n = 11 (11%) n = 4 (9%) n = 7 (13%) n.s. Arterial hypertension n = 91 (88%) n = 42 (89%) n = 43 (82%) n.s. Coronary artery disease n = 33 (32%) n = 13 (28%) n = 20 (36%) n.s. History of myocardial infarction n = 7 (7%) n = 1 (2%) n = 6 (11%) n.a. Active smoker n = 30 (29%) n = 16 (34%) n = 14 (25%) n.s. Hyperlipedaemia n = 36 (35%) n = 16 (34%) n = 20 (39%) n.s.
n.a.: not applicable; n.s.: not significant. 
n.a.: not applicable; n.s.: not significant.
AORTIC SURGERY
Branched graft technique (Group A)
CPB, cross-clamp and MHCA times were 243 ± 71.4, 140 ± 54.8 and 52.9 ± 28.3 min, respectively. The intraoperative and 30-day mortality were 0.0 and 10.6% (n = 5), respectively. Two of these patients (2/5) died due to cardiac failure while 3 (3/5) died due to neurological causes. Postoperative stroke rate (PND) was 4.3% (n = 2). Rethoracotomy due to bleeding was necessary in 27.7% (n = 13) of the patients. Recurrent and phrenic nerve palsy were present in 21.3% (n = 10) and 6.4% (n = 3), respectively. Respiratory insufficiency leading to tracheostomy occurred in 25.5% (n = 12). Acute renal failure leading to temporary haemodialysis occurred in 10.7% (n = 5) of patients. In all of these patients, renal function recovered and dialysis could be discontinued.
Island technique (Group B)
CPB, cross-clamp and MHCA times were 249 ± 75.6, 147 ± 542 and 57.1 ± 30.1 min, respectively. The intraoperative and 30-day mortality was 2.91% (n = 3) and 16.1% (n = 9), respectively. Postoperative stroke rate (PND) was 3.8% (n = 2). Rethoracotomy due to bleeding occurred in 23.2% (n = 13). Recurrent and phrenic nerve palsy were present in 9.4% (n = 5) and 1.9% (n = 1), respectively.
Respiratory insufficiency leading to tracheostomy occurred in 20.8% (n = 11). Acute renal failure leading to temporary haemodialysis occurred in 9.4% (n = 5) patients. In one of these patients, the renal function did not recover and the patient remained dependent on haemodialysis.
The Kaplan-Meier survival curve after aortic arch replacement with the aforementioned two techniques is shown in Fig. 1 . Differences were not statistically significant except from longer SACP times in the BGT group (P = 0.047).
Follow-up
The follow-up was complete in all except 5 patients (total 98/ 103 = 95.1%).
Branched graft technique (Group A)
At the time of follow-up [mean duration: 4.0 years (1476 days)], 61.7% (29/47) of the patients in this group were still alive. Fourteen (29.8%) patients had undergone operations on the downstream aorta. Five of these patients were operated (5/14, 35.7%) twice on the downstream aorta. Three patients (6.4%) experienced a stroke during follow-up. n = 28 (27%) n = 10 (21%) n = 18 (32%) n.s.
Concomitant procedures
David procedure n = 12 (18%) n = 4 (15%) n = 8 (21%) n.a. Yacoub procedure n = 6 (9%) n = 3 (11%) n = 3 (8%) n.a. AVR with tissue valve n = 1 (2%)
FET: frozen elephant trunk; ET: elephant trunk; AVR: Aortic valve replacement; SACP: selective antegrade cerebral perfusion; CPB: cardiopulmonary bypass; CABG: coronary artery bypass grafting. 
Island technique (Group B)
At the time of follow-up [mean duration: 4.37 years (1596 days)], 60.7% (34/56) of the patients in this group were still alive. Eleven patients (19.6%) had undergone operations on the downstream aorta. One of whom (1/11, 9.1%) was operated twice on the downstream aorta. Two patients (3.6%) developed paraplegia thereafter. None of the patients in this group developed any further pathological changes in the 'island' or the beginnings of the supra-aortic branches during the follow-up. There was no incidence of stroke during the follow-up.
Differences in follow-up mortality, morbidity and reoperation rate on the downstream aorta were not statistically significant.
DISCUSSION
Surgical treatment of the aortic arch remains a challenge. The goals of the aortic arch surgery can be summarized as follows: In the early years of aortic arch surgery, deep hypothermic circulatory arrest was undertaken to protect the brain as well as the body. Borst et al. [4] first reported the use of deep hypothermic circulatory arrest in 1963 to treat an arteriovenous fistula. After the introduction of prolonged deep circulatory arrest (DHCA) by Griepp et al. [5] and Crawford et al. [6] , the true era of aortic arch surgery began.
Over the years, various innovations such as cold cerebral perfusion, retrograde cerebral perfusion and then SACP techniques have been developed to protect the brain. These methods have played a big role in significantly reducing the stroke rates after aortic arch replacement to low single digits [7] [8] [9] [10] . Similarly, various techniques, such as lower body perfusion during circulatory arrest and better cardioplegic solutions have been employed to significantly reduce the acute renal failure rates as well as to protect the myocardium. At the same time, various techniques such as the classical ET technique, hybrid techniques (FET) and debranching followed by total endovascular stenting have been developed to treat aortic arch pathologies [11] [12] [13] [14] .
For the surgeon, bleeding from the anastomotic sites is still among the most dreaded complications during aortic arch surgery. Aortic arch surgery presents a unique set of challenges for the surgeon. On the one hand is the necessity of keeping the circulatory arrest time to an absolute minimum, and on the other hand, the haemostasis has to be perfect. Various techniques have been proposed to simplify the anastomoses for optimal haemostasis. For the reimplantation of the arch vessels, classically the en bloc (island) technique was used. The biggest disadvantage of this technique is the need to finish all the anastomoses, namely the distal and proximal anastomoses as well as reimplanting the supra-aortic 'island' to the aortic graft before myocardial, cerebral and lower body Rethoracotomy due to bleeding n = 26 (26%) n = 13 (28%) n = 13 (25%) n.s. Low cardiac output n = 2 (2%) n = 1 (2%) n = 1 (2%) n.a. Stroke n = 4 (4%) n = 2 (4%) n = 2 (4%) n.a. Paraplegia n = 2 (2%) n = 1 (2%) n = 1 (2%) n.a. Recurrent nerve palsy n = 15 (15%) n = 10 (21%) n = 5 (10%) n.s. Phrenic nerve palsy n = 3 (3%) n = 2 (4%) n = 1 (2%) n.a. Pneumonia n = 14 (14%) n = 7 (15%) n = 7 (13%) n.s. Reintubation n = 12 (12%) n = 8 (17%) n = 4 (8%) n.s. Respiratory insufficiency n = 12 (46%) n = 8 (51%) n = 4 (42%) n.s. Tracheostomy n = 23 (22%) n = 12 (26%) n = 11 (20%) n.s. Acute renal failure (temporary dialysis) n = 12 (12%)
n.a.: not applicable; n.s.: not significant. AORTIC SURGERY perfusion can be started. It is also technically demanding to control the bleeding at the distal anastomosis or the posterior part of the 'island' (should it occur) after CPB has been restarted. The advantage of the classical island technique is that only one anastomosis needs to be performed for the supra-aortic vessels. In addition, till recent years, no 'prefabricated' branched grafts were available and the surgeon had to improvise branched grafts. Various techniques have been proposed as alternatives to this 'island' technique. Spielvogel et al. [14] have proposed aortic arch replacement first, whereby the arch vessels are anastomosed to a main aortic graft under a period of DHCA.
After establishing SACP, the distal and proximal anastomosis is performed. The disadvantage of this technique is that it requires a period of 30 min DHCA for arch vessels to be reimplanted. It may also be technically difficult to finish the distal anastomosis as the supra-aortic vessels may block the surgical view. This necessitates prolongation of the lower body as well as spinal cord ischaemia time until all the anastomoses are completed.
The BGT has been proposed to have several advantages over the classical island technique. Di Eusanio et al. [1] showed that the perioperative risks are not increased with BGT technique. With the BGT technique, the supra-aortic vessels are anastomosed individually after completion of the distal anastomoses. Moreover, this technique can be combined with SACP for better cerebral protection. After the distal anastomosis is completed, the left subclavian artery may be anastomosed. The perfusion of the lower body can be immediately started via the perfusion arm of the plexus graft. This minimizes the spinal cord and lower body organ ischaemia times. Thereafter, the proximal anastomosis can be completed. The cerebral vessels can be anastomosed with the myocardium perfused. This potentially reduces the myocardial ischaemia time, too. The period of SACP is thereby prolonged. However, we did not observe any complication caused by this prolongation of the SACP.
Although perioperative results have been published, no midterm or long-term results comparing the techniques have been published. Critics of the BGT point to the necessity of three separate anastomoses instead of only one single large anastomosis. Additionally, the anastomosis with the left subclavian artery may be technically difficult.
The results of BGT, both perioperatively and in the mid-term are not inferior to that of the classical 'island technique'. We did not see any significant differences in results after either of the methods in our study. Perhaps, a longer follow-up is required to see whether the 'leftover' aortic arch tissue in the 'island technique' develops aneurysms necessitating reintervention.
Regardless of the technique used for the reimplantation of the supra-aortic vessels, we are quite liberal in placing an 'ET'. We believe that patients with indication for a total aortic arch replacement should also receive an 'ET' as the potential second-stage operation if needed, would then be technically easier.
During the period of this study, we used both the techniques as we had just initiated the BGT and were not sure which of the techniques was better. However, we have now changed our policy and changed completely to the BGT even in emergency (AADA) procedures. We believe that haemostasis is easier in the BGT.
Limitations
Limitations of this study are the retrospective nature of the study as well as a relatively short follow-up. Further evaluation and longer follow-up period is warranted.
Conclusions
The BGT is not inferior perioperatively or in the mid-term compared with the classical conventional island technique. However, we believe that the surgeon should not be dogmatic about using one or the other technique. In view of the aforementioned potential advantages, BGT can be used during total arch replacements, especially in patients with pathological disease of aortic arch extending to proximal parts of the supra-aortic vessels.
APPENDIX. CONFERENCE DISCUSSION
Dr D. Loisance (Paris, France): Your conclusion sounds perfectly clear to me: the good technique is a technique which fits to the patient's characteristics and can be reproduced by any surgeon.
The fact that there is no difference between the island technique and the branched technique is not really surprising because there are so many other parameters involved in the result of surgery that this specific parameter is not weighing a lot.
I've been surprised in your paper by one thing. It looks like the Marfan patients are more frequently receiving the island technique than the branched technique. And in the meantime, you mention that the long-term results show that there are no major changes in the aortic arch. So there is something here which is surprising. Could you comment on that.
Dr Shrestha: Yes, actually, we only started using the branched graft technique from 2006. Also, since it is technically sometimes difficult to do the left subclavian anastomosis separately, in the beginning we were also using the old technique, the island technique, in the Marfan patients, which explains why we still have, at least in this cohort of patients, Marfan patients having the island technique. But nowadays we have moved more and more to the branched graft technique, so that I would rather do a branched graft technique in Marfan patients. In non-Marfan, then you can use any of these techniques, of course.
I would not say that I'm not surprised that there is not much difference because these are not long-term results. Four years is not long-term, it's only mid-term, and I think that even if you do an island technique, the amount of tissue that is left behind is not that much. Those of us who have done a lot of aortic surgery would maybe have two or three cases where patients with Marfan come back with anastomotic aneurysms, but it's not that common. We still try to restrict the amount of tissue left behind, but still it's not that common. So I think if you really want to see a difference, I think we may have to wait another 4-5 years. Maybe then we'll know whether there really is a chance of the 'left over' tissue increasing in size.
Dr Loisance: Well, your answer clarifies the point. I mean, you will not recommend the island technique today for a Marfan patient?
Dr Shrestha: No, I would rather go for a branched graft technique. Dr J. Bachet (Abu Dhabi, United Arab Emirates): I think this point about arch replacement in Marfan patients is not as simple as you say. Why? Because Marfan patients operated on electively, very, very seldom have an arch replacement. Most of your Marfan patients (although you didn't say that) I suppose were in the acute dissection setting. So in an acute dissection setting, of course, the island technique should be a little less favourable because the tissues are very fragile, the arch is dissected, and it's very difficult to take the whole thing together in a continuous suture. But in elective surgery I'm quite sure that it makes absolutely no difference whether the patient is Marfan or not. So you have to distinguish very clearly patients operated on for acute dissections and patients operated on electively. It's completely different.
Dr Shrestha: If you want to start with the branched graft technique, I think you should have used it in at least some patients electively before you move into type A dissections. It's sometimes really difficult, at least in our experience, to do the left subclavian anastomosis. But otherwise I agree with you, actually, we don't know which one is better.
Dr M. Moon (St. Louis, MO, USA): Our goal over the last few years with this procedure, the branched graft procedure, has been to make it simpler and to make it safer, meaning decrease the circulatory arrest time. And two things that we have done to modify this, at least in the elective setting, in a patient who has an intact circle of Willis, is to do a carotid-to-subclavian bypass a day or two ahead of time. And then in that patient who has got a large aneurysm that's displacing the subclavian out distally, you don't need to do the subclavian anastomosis anymore, you only have to do two branches of the head.
And also what we can do is do the distal anastomosis into the descending aorta and then the innominate artery anastomosis, and again with the circle of Willis we can then maintain or restart antegrade flow and decrease our circulatory arrest time. So those are a couple of modifications that we've done over the last few years.
Dr Shrestha: Every centre has its own fine-tunings. What we do is to perform the distal anastomosis and then the proximal anastomosis, then we let the heart beat, and during this myocardial reperfusion we do the supra-aortic vessels, so that way you are reducing the ischaemic times. And of course, actually, in aneurysms, it's not difficult to do the left subclavian, it's in the upper type A dissection when the aorta is not dilated where it is more difficult.
Dr Moon: Right. In the acute dissections we generally avoid the whole procedure itself and stick with the ascending aorta.
Dr Shrestha: You can even close the subclavian, that's what Dr. Bachet has been saying many times, if you cannot do it. Because instead of spending half an hour trying to do the left subclavian in circulatory arrest, just close it and you can do it later on.
